Su rveylng the Cosmic Microwave

Backgroun fro

“| CARDIFF

“ 1 UNIversiTY

MICHIGAN
PRIFYSGOL |
CFRDY®




Cosmological Measurements with the CMB
CMB anlsotropy

Snapshot of our universe
at 380,000 years

carries the imprint of inflationary
parameters, the number of light
relativistic species, and more
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Probes our universe from age ~1 to ~13.8 Billion Years

sensitive to dark energy and dark matter (neutrinos), and other
parameters.




CMB Power Spectrum
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" "Next Frontier: Polarization
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Large Scale Structure

Observed Sky —

Leverage through cross-
correlations with optical surveys also x-ray, galaxy weak-lensing,
velocity dispersion, and others

Large scale structure constrains neutrino masses, dark energy, and a other physics




CMB Lensing . |
see Planck 2015 Results Paper X and XIII z /

e 40 o detection

e percent level constraints on curvature and dark energy
@ limits Emv < 0.68 eV from lensing alone, < 0.2 from a combination of measurements

e demonstrated power of cross correlations (CIB; other examples) )
e CMB lensing is rapidly'maturing -- more sensitivity needed

Convergencepower spectrum
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Cross-correlations with optical
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tacama Cosmology Telescope
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ACT Cameras and future instruments

The Millimeter Bolometric Array Camera Standard C05m0|Oglca| MOdeI

(MBAC)
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The Future: Simons
2016-2019 Advanced ACTPol (AdvACT) Observatory



the ACTPol Receiver

Pulse tubes { 5 90/220 GHz 3 optics tubes
\ -2 @ 150 GHz arrays
- 1 @ 90/150 multichroic
wwy  \etamaterial AR

silicon lenses
-low reflectance
et packed -low dielectric loss

‘He fidge Magneticshielding ddes Dilution refrigerator

- 90 mK base
- continous operation

Detector Arrays Metamaterial AR Coated Silicon Lenses

AR&oateddens




Median detector sensitivity, post baffle

Detector noise vs. water vapor

=> Atmosphere noise dominates
(Grace et al. SPIE 2014)
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ACTPol Multichroic Polarimeter Array |- Newdichroic

polarimeters
90/150 GHz Polarimeter Feed Horn - Dattaetal., JLTP (2014)

sensitive to the 90 GHz
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Centaurus A with our multichroic array

Bl PA3 90 GHz
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NET (uK Vs)
the most sensitive ACTPol array



ACTPO L STATU S 2013: First array (all 146 GHz)

— background limited

— consistent with proposed
sensitivity
— first results published
2014: Two arrays (all 146 GHz)
— analysis underway
2015: Multichroic 90/146 GHz
— First light Feb 2015

— First fielded multichroic
polarimeter array




ACTPol Survey 2013

Boss = of i - Boss

HSC \ultra deep
€-cosMmos

. " P erMES :
HSC wide CFHTLS g 2 . ; : (T A ' SDSS strip:

KIDS % ° v I
GAMA HerMES e . *CFHTL I CFHIL He|:5Che|

“*Hsc tiadeen  ACTPOI Wide

ukidss

« 11 Sept 2013 - 24 Dec 2013 (500 hrs)
*  Only one 150 GHz array installed then
*  Four ~ 70 deg? patches












Al
. .
_-high—p@‘ filted.at I'= 40




CLUSTERS LENSING the CMB
3.20; stack of 12,000 CMASS galaxies (SDSS/BOSS)

0.025 ’ . :
, ® ACTPol, all patches
0.020} -~~~ Best-fit model - 10 ——— 0.05
" - g 0.04
9
0.015F f 0.03
) 10.02
; -g | 1 0D
[ = . i 2§ e {0.01
6\ 0010 B " E 28 Ry 2 ,,’ A 4 \‘
\E/ ‘_' a ‘ ) I\ @ ‘I ‘l ,/ 1 10.00 K
3 - {-0.01
0.005 F { i = \ .
., -5k \\ ~ 4
e ' ' —-0.03
0.000F -4 - T SAERLRE R PR TP ¢ eies e 2 & 0,04
10 — : L -0.05
-10 -5 0 5 10
—0.005F . 6., (arcminutes)
1 1 1 1 1
0 2 4 6 8 10

f(arcmin)

Madhavacheril et al - PRL 114, 151302, 2015. (ACTPol 2014 D1, D5, D6 fields.)



CMB Status and Next Steps

(data as of 2013)
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CMB Status and Next Steps

(data as of March 2015)
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CMB Status and Next Steps

(data as of March 2015)
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CMB Status and Next Steps

(data as of March 2015)
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CMB Status and Next Steps

(data as of March 2015)
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CMB Status and Next Steps

(data as of March 2015)
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CMB Status and Next Steps

(data as of March 2015)
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CMB Status and Next Steps

Planck 353 GHz
(Dust)



What Is required to get all
this science

 More sky area
* |lower noise

* multiple frequencies



* Data already complete
FU” ACTPOI Survey * ~2000 square-degrees (BOSS N)

2014 & 2015 « ~600 square-degrees (deep 5-6)

i o e Galactic field
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The Near Future: ACTPol Data Analysis

preliminary results

D56 Field
(12% of the ACTPol data)

~ 650 deg?, @ &~ -3°, RA~15°

up next:

(1) lensing, SZ,
and cross
correlations
with this map

(2) analyze the
rest of 2014
and all of
2015
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Advanced ACTPol

Detector Arrays

Metamaterial AR Coated Silicon Lenses

ARcoated lens three layer coating

based on ACT technology

+ metamaterial
Half Wave Plate

5 frequency bands

Foreground Removal
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The Future Starts “Now:
Advanced ACTPol Survey: 2016-2018

2016 Fields
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Cross Correlation Projections

Projected to improve Planck
limit on =m_, by 10x!
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Maintaining Moore’s Law: focal planes are saturated
so must use parallel processing and multiple telescopes.

Stage Il ACTPol / SPTPol

Now
~1000 detectors Advanced ACTPol

Stage I SPT 3G
P

ramping u
~10,000 detectors

Stage IV

~2020 - CMB-S4
~500,000 detectqrs

1
]

| CMB-S4: A program to put 0(500,000) |
i detectors spanning 30 - 300 GHz using
i multiple telescopes and sites to map =70% :

jofsky.




Building for Discovery

9
P5’s
timelines

CMB-54
ramps up
as
LSST
ramps down

Project

Currently operating

Large Projects
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LHC: Phase 1 upgrade
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6-m telescope with 100,000 detectors

A\ \ Designs for a large-aperture telescope to map the
NN CMB 10X faster
Michael D. Niemack submitted to Applied Optics

Cryogenic filters
and lenses

Vacuum windows

Hexagonal
and lenses

detector arrays

1K optics shells

and stops

4K optics tube
300K vacuum shell ~ modules
80K radiation shield 4K shell and

40K radiation shield mounting plate




2015

2016

2017

2018

2019

2020

2021

2022

2023

2024

Sensitivity
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1000 l prior
el 2105 <01 014  0.15eV
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detectors Boss BAO
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108 r=0.001 0.02 0.015eV
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